Our aim was to examine the current status of minimally invasive approaches to ureteropelvic junction (UPJ) obstruction and compare it to the gold standard of open pyeloplasty. A review of the literature was conducted using PubMed and Medline databases for UPJ obstruction. Open pyeloplasty achieves good results, in the range of 90-100%. Laparoscopic pyeloplasty results are as good as those of open surgery. However, the goal of laparoscopic pyeloplasty as a means of providing minimally invasive surgery to a larger number of patients has not been achieved. The reason for this is the diYculty faced by most urologists in acquiring the technical skills to perform a laparoscopic pyeloplasty. In reports of robot-assisted pyeloplasty, results in the range of 88-97% appear to be achieved. Robotic technology has the potential to make minimally invasive pyeloplasty an easier skill to acquire for a larger number of urologists. Long-term data are still required to determine its eYcacy.
Introduction
Ureteropelvic junction (UPJ) obstruction is a functionally signiWcant impedance of urine Xow from the renal pelvis into the ureter. Congenital UPJ obstruction is one of the most common congenital abnormalities of the ureter. The etiology may be congenital or acquired. Here, the obstruction is typically caused by an aperistaltic segment of the collecting system. The role of lower pole crossing vessels remains controversial. Acquired causes are less common and include stone disease, postoperative or inXammatory strictures, benign and malignant neoplasms and extrinsic compression.
Traditionally the treatment of UPJ obstruction has been surgical, the gold standard of which has been the open pyeloplasty. There are many surgical approaches that have been used over the years, such as the anterior retroperitoneal technique and the posterior lumbotomy method.
In 1949 Anderson and Hynes described the open dismembered pyeloplasty [1] . This technique has been used as the template for open pyeloplasty. The method allows complete excision of an anatomically abnormal UPJ and the reduction of a redundant renal pelvis. With a success rate in excess of 90% [2] , open pyeloplasty is seen as the gold standard treatment for UPJ obstruction. However, pain and prolonged convalescence have been its major drawbacks.
Over the past two decades, minimally invasive surgery has been utilized with increasing frequency in the Weld of urological surgery. This is true for the surgical management of UPJ obstruction [3, 4] . Minimally invasive options aim to oVer less morbidity and shorter convalescence periods than open surgery. Minimally invasive operations for UPJ obstruction include endoscopic endopyelotomy techniques, laparoscopic pyeloplasty and robot-assisted pyeloplasty.
Introduction of robotic technology into modern day surgery has the potential to oVer signiWcant advantages. The wristed instruments, £10 magniWcations, tremor Wltering, scaling of movements and three-dimensional view allow the urologist to perform the intricate dissection and anastomosis of the collecting system with high precision. This paper reviews the treatment options for UPJ obstruction, primarily focusing on the current status of robot-assisted pyeloplasty
Methods
We performed a systematic search of PubMed and Medline databases for UPJ obstruction. Papers were examined for demographic data, intraoperative parameters and postoperative outcomes.
Endopyelotomy
Endopyelotomy involves making a full thickness incision through the obstructing ureteropelvic junction and allowing the urothelium and ureteric smooth muscle to regenerate around a ureteric stent. The approach to the UPJ can be antegrade or retrograde. The endopyelotomy can be made under direct vision or Xuoroscopic guidance with either diathermy or laser. Success rates for endopyelotomy vary from 65% to 90% [5, 6] . While endopyelotomy is, perhaps, the most minimally invasive treatment approach, it does have limitations. The success rate is less than that of the gold standard open pyeloplasty. Endopyelotomy cannot establish dependant drainage of the UPJ, nor can it correct for anterior crossing vessels. SigniWcant intraoperative and postoperative bleeding is one of the major concerns of endopyelotomy, with an incidence of 8-9% [7] . Endopyelotomy is thought to be an inappropriate treatment for UPJ obstruction associated with signiWcant hydronephrosis, poor renal function or long UPJ stricture [8] .
Pyeloplasty
Pyeloplasty can be performed by an open, laparoscopic or robotic technique. Table 1 compares the approaches, operating times, follow-up periods and successes of these various techniques.
Open pyeloplasty
Open pyeloplasty is the gold standard treatment for correction of UPJ obstruction. Open pyeloplasty can be performed via an anterior or posterior approach. Various surgical techniques have been described to correct the UPJ obstruction, including dismembered pyeloplasty, V-Y pyeloplasty [9] , Heinke-Miculikz pyeloplasty [10] and spiral Xaps [11] . Reported success rates for open pyeloplasty are in excess of 90% [2] . The main drawbacks of open pyeloplasty are the long recovery time and the morbidity of the Xank incision.
Laparoscopic pyeloplasty
Laparoscopic pyeloplasty aims to adhere to the surgical principles of open pyeloplasty. It is a minimally invasive surgical option that provides the desirable aspects of open surgery, including the precise mucosal approximation, excision of redundant renal pelvis tissue, and anterior transposition of the UPJ for lower pole crossing vessels. The operation can be performed through a retroperitoneal or a transperitoneal approach. The Wrst laparoscopic pyeloplasty was reported by Schuessler et al. [12] . Since then various series have quoted success rates of 85-100%, closely approximating that of open pyeloplasty [13] .
The initial large series of 100 patients reported in 2002 by Jarrett et al. [14] reviewed their experience with laparoscopic pyeloplasty. The repair was carried out in 83 patients for primary UPJ obstruction and in 17 for secondary obstruction. Average operating time was 4.2 h, which decreased with surgeon experience. Average blood loss was 181 ml, and hospital stay was 3.3 days. Radiographic success was deWned as improvement of hydronephrosis, with a patent ureteropelvic junction shown on intravenous pyelogram (IVP), or improved drainage on diuresis renography. With a mean clinical and radiographic follow-up period of 2.7 years and 2.2 years, respectively, 96% of the patients were free of obstruction on follow-up imaging. The authors opined that the disadvantages of the procedure remain the long operative times, and the need for special skills for intracorporeal tying and suturing can increase hospital costs. The largest series of laparoscopic pyeloplasty has been reported by Moon et al. [15] . They reported their data on 170 consecutive laparoscopic pyeloplasties (156 for primary and 14 for secondary UPJ obstruction). The average operating time was 140 min. Median hospital stay was for 3 days. There were 12 complications reported. With a mean follow-up period of 15 months, the success rate was 96.2%. Success was deWned by the presence of each of three criteria: a decreasing renographic excretion curve or proven anastomotic patency, improved diVerential renal function and the absence of pain.
Despite the success of this minimally invasive approach, laparoscopic pyeloplasty is largely being performed only by expert laparoscopists. The technical diYculty in preparing and performing the anastomosis has limited the enthusiasm for this operative approach.
Robotic pyeloplasty
The da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, USA) oVers several advantages for laparoscopic pyeloplasty. It consists of a remote computer console from which the surgeon can observe the actions of the instrumentation with a magniWed (£10) three-dimensional view. The robot is attached directly to the laparoscopic trocars through which the instruments are inserted. These arms are controlled via the surgical joysticks into which the surgeon inserts his/her Wngers. The joysticks allow free movement that is translated into seven degrees of freedom at the robotic instrument tip. The tips of these instruments are small and able to articulate freely, with scaling and tremor Wltration.
Robotic pyeloplasty was Wrst performed by Sung and Gill [16] in 1995 on a porcine model. Their study compared the pyeloureteric anastomosis time and tightness of the anastomosis between intracorporeal suturing and robot-assisted suturing. The robot-assisted suturing had increased anastomosis time, but the tightness of the anastomosis was equal in both groups. Later, this same group compared the Zeus and da Vinci systems. They were able to perform the anastomosis faster and secure it with more bites using the da Vinci system. The comparison between the two systems revealed that the da Vinci was more technically intuitive to use and thereby had the potential to decrease the learning curve.
Operative technique
The robotic pyeloplasty can be performed either retroperitoneally or transperitoneally. We have previously described our transperitoneal operative approach in detail [17] . Initially, an ascending ureteropyelogram is performed and a ureteric stent is placed (Fig. 1) . The patient is positioned in a modiWed Xank position with a 30° incline. The operating table and the da Vinci platform are positioned at either a perpendicular or a 45° angle relative to one another, depending upon trocar placement (Fig. 2) . Figure 3 illustrates the standard port placement for a right-sided transperitoneal pyeloplasty. A hybrid procedure with laparoscopic exposure of the UPJ followed by robotic assistance to prepare and perform the anastomosis is our preferred technique. The bowel is mobilized medially, laparoscopically. Gerota's fascia is opened, and the ureter is identiWed (Fig. 4) . The dissection proceeds superiorly to display the UPJ and determine the presence or absence of crossing vessels (Fig. 5) . Care is taken not to devascularize the ureter with extensive dissection. The UPJ is assessed to determine the type of repair which is most suitable. For a dismembered pyeloplasty, the UPJ is cut, spatulated, and, if necessary, anteriorly transposed (Fig. 6) . During spatulation the advantages of wristed instruments are signiWcant, as they allow a more precise linear incision. A running anastomosis is performed over a 6 Fr ureteric stent using two 5 in. running 4-0 monocryl sutures on RB-1 needles (Fig. 7) .
Clinical outcomes
The initial series was reported by Gettman et al. [18] , who performed the classical Anderson and Hynes dismembered pyeloplasty in nine patients, using the da Vinci robot. They Fig. 1 Ascending ureteropyelogram is performed and a ureteric stent is placed used three robotic ports and one port for the assistant. Mean operative time was 138.8 min. Average blood loss was <50 ml, and the mean hospital stay was 4.7 days. At a mean follow-up time of 4.1 months, all procedures were successful on the basis of subjective and radiographic data.
We reported on 50 [19] patients who had undergone robot-assisted dismembered pyeloplasty. The average operative time was 122 min (60-330 min). The average hospital stay was 1.1 day. The average blood loss was 40 ml. The average follow-up period was 11 months. Patients were followed up by renogram and clinically. Ninety-six percent showed improvement in their radiological, functional and clinical parameters.
Schwentner and Pelzer [20] recently reported the largest experience of the robot-assisted pyeloplasty. Ninety-two patients underwent robot-assisted dismembered pyeloplasty for UPJ obstruction. The mean operative duration, including the setup of the robot, was 108.34 (72-215) min. The mean hospital stay was 4.5 days. They reported a mean follow-up time of 39.1 months and a success rate of 97%. Suc- cess was measured on the basis of an intravenous urogram (IVU), mercapto-acetyl tri-glycine (MAG3) scintigraphy (at 3 months) and resolution of subjective complaints.
Weise and WinWeld [21] reported their experience with 31 patients who underwent robotic pyeloplasties. Operative time, including cystoscopy, was 271 min in this group. The estimated median blood loss was <100 ml. The median console time was 76 min (range 54-124 min) and consisted of preparation and completion of the anastomosis. There were no conversions to open surgery. The mean follow-up period was 10 months (1-31 months) . The success rate, deWned as no evidence of persistent obstruction on renogram, no loss of function and no postoperative pain, was 97%.
Atug et al. [22] reported their experience with robotic laparoscopic surgery for UPJ obstruction with concomitant management of renal calculi in eight patients. The mean operative time was 275 min (range 180-345 min). The console time was 181 min (125-222 min). The mean blood loss was 48.6 ml (10-100 ml). The mean hospital stay was 1.1 day (1-2 days). Before completing the UPJ obstruction repair one robotic arm was undocked to allow a Xexible nephroscope to be passed into the renal pelvis for stone removal. There were no open conversions.
Robot-assisted retroperitoneal dismembered pyeloplasty was described for the Wrst time by Hegarty et al. Cleveland, OH, USA, unpublished data) in ten adult patients. Access to the retroperitoneum was achieved by a balloon dissector. The mean operative time was 157 min, with a mean blood loss of 50 ml and a mean hospital stay of 48 h. All cases were completed using the robot. The authors reported a successful outcome, clinically and radiologically, in all patients after a mean follow-up time of 12 months.
Pediatric robot-assisted pyeloplasty
Advances in robotic technology have allowed complex reconstructive surgeries even in the pediatric population. Lee et al. [23] have presented their series of comparisons between open pyeloplasty (33 patients) and robot-assisted pyeloplasty (33 patients). In the robot-assisted pyeloplasty group the mean age was 7.9 years and mean operative time was 219 min, with a mean estimated blood loss of 3 ml. There was one complication of bleeding, in which a crossing vessel was not recognized. This was the only patient who had undergone a retroperitoneal robot-assisted pyeloplasty. The patient subsequently required percutaneous drainage and transperitoneal pyeloplasty. Mean operative time was 181 min for open pyeloplasty versus 219 min for robot-assisted pyeloplasty. The length of stay for those undergoing robot-assisted pyeloplasty was 2.3 days versus 3.5 days for those undergoing open pyeloplasty. Total narcotics requirements were signiWcantly fewer in the robotassisted pyeloplasty group. Although operative times were increased compared with those of open pyeloplasty, Robotassisted pyeloplasty (RALP) demonstrated decreased hospital stay and narcotics use. The authors concluded that robot-assisted pyeloplasty is a safe and eYcacious procedure in children and that increasing experience with RALP decreased operative time approximating that of the open experience.
Discussion
In the recent past there has been a number of studies which have highlighted the advantages of laparoscopic pyeloplasty [14, 15] . The success rates reported in most series have been comparable with the gold standard of open pyeloplasty. However, the special skills of intracorporeal suturing and tying have not percolated to a large number of urologists. Thus, the utility of laparoscopic pyeloplasty has been limited to the "experts" in laparoscopy.
Robotic technology with its inherent advantages, besides being minimally invasive, of magniWed image, threedimensional view, tremor Wltration, motion scaling and wristed instruments has leveled the playing Weld and made it available to a large number of patients. The robot was initially looked upon as a tool to help the surgeon make a transition from open to laparoscopic surgery. However, its use in various complex urological reconstructive procedures has shown that the robot has broader applications than the standard laparoscopic pyeloplasty. It has brought the technical skills of minimally invasive surgery within the realm of a greater number of urologists.
Conclusion
The early outcome data in robot-assisted pyeloplasty is encouraging. Further follow-up and long-term data are required to determine its eYcacy in the long run. As more centers and more urologists train to perform robot-assisted pyeloplasty, it has the potential to become the minimally invasive treatment of choice.
